Multi-dimensional data collection and analysis is now a common practice in the microscopy and microanalysis community across a wide variety of instrumentation and software packages.
renamed. At the file system level, the pair have the same name with different extensions (.hmsa for the binary data, .xml for the descriptor). Internally, each file contains a (practically) unique identifier, a 64-bit number randomly generated for each pair.
XML has been chosen for the descriptor file because it is a text-based format that is easily viewed with a web browser or edited with basic text editing programs, such as NotePad or TextEdit. There is wide support for XML, both for users of such files and software developers [4] . XML also offers the advantage of supporting a broad range of text encodings, including Unicode.
The descriptor file contains a variety of XML tags, some required, some optional. A core set of required tags specify the dimensionality and binary type of the measured data. A larger set of optional tags contain descriptive metadata about the measurements, including specimen information, experimental conditions, instrumental setup, processing parameters, and their origination.
The multi-dimensional nature of the data set is captured at two distinct levels, the sample level and the raster level. This is to clearly distinguish between contemporaneous measurements and those made serially in time, an important distinction for some types of post-processing, especially drift correction. Sample-level dimensionality typically ranges from individual scalar measurements, such as WDS x-ray intensity or SEM backscatter detector counts, to parallel 1-D readouts such as XEDS or EELS spectra, to full 2-D readouts such as CCD images and diffraction patterns. Raster-level dimensionality has a similar range, from individual point spectra or images, to 1-D spectral line scans or EFTEM image series, to 2-D area scans such as spectrum images or other maps. The measured data in the binary file are stored iterating first over the sample-level dimensions, then the raster-level dimensions. These dimensions, their sizes, and calibrated units are all explicitly specified by corresponding tags in the XML file.
Although the format is designed for broad applicability and routine practical use, a number of potential features have been purposely left out to maintain simplicity. There is no provision for minimizing file size through compression. This can be applied by users, as desired, via freely and commercially available compression utilities. This format also does not address the much larger problem of shared hierarchical databases for microscopy and microanalysis informatics [6] . It is a modest proposal for a standard container for moderately sized data sets of finite scope.
The Standards Sub-Committee has prepared a specification document that provides an in-depth review of the motivation, goals, and underlying considerations of this file format design effort, as well as a detailed description of the format and its XML tags, including an XML schema file and several example files. We have made these materials available for public review and comment [7] and seek extensive feedback from all stakeholders in the microscopy and microanalysis community. Interested parties wishing to participate in detailed discussions should contact the sub-committee's chair (zaluzec@aaem.amc.anl.gov) or attend its annual meeting held during the M&M conference.
